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Description 

APPARATUS AND METHOD FOR MAGNETICALLY 

SEPARATING CELLS FROM MIXTURE 
Technical Field 

[1] The present invention relates to an apparatus and method for separating cells from a 

cell mixture, and more particularly, to an apparatus and method for separating 
necessary cells from a cell mixture by applying a magnetic field to the cell mixture in 
which specific cells tagged with magnetic carriers are mixed. 
Background Art 

[2] In U.S. Patent No. 6,602,422 (entitled "micro column system"), if a magnetic field 

is applied to a column from the outside while a cell mixture in which specific cells 
tagged with magnetic beads (serving as a magnetic carrier) are mixed is poured into the 
column with small steel balls filled therein in a gravitational direction, the specific 
cells are adsorbed while flowing through gaps between the magnetized steel balls but 
the other cells flow downward. At this time, the specific cells which have been bound 
to the steel balls and thus separated from the mixture are recovered by eliminating the 
applied magnetic field and then causing a buffer solution to flow. 

[3] However, when a user intends to separate the cells with a variety of sizes using the 

column type cell separation apparatus, the used steel balls should be changed in 
accordance with the sizes of magnetic beads or specific cells and the adsorption 
intensity for the specific cells to be separated since the movement of cells may be 
hindered by the size of gaps between the steel balls. 

[4] Further, since the cells mixed in the cell mixture gather around the gaps caused by 

the accumulated steel balls, it may be difficult to recover the specific cells separated 
from the mixture. 

[5] Furthermore, in order to prevent the gaps between the steel balls from being choked 

as the cells coagulate, the steel balls in the cell separation apparatus should be pe- 
riodically shaken to be homogeneous using a pipette during the separation process. 

[6] In U.S. Patent No. 5,602,042 (entitled "method and apparatus for magnetically 

separating biological particles from a mixture"), biological particles tagged with beads 
are separated from a mixture by adhering to a plate by means of an applied magnetic 
field while a separation means including a magnet and a plate is vertically moved and 
rotated in a state where the separation means is immersed in the mixture with which a 
closed container. 

[7] However, in a case where biological particles are separated using the container type 

cell separation apparatus, other biological particles adhering to an outer side of a 
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housing of the separation means are collected onto the plate while taking the separation 
means out of the mixture. Thus, its separation efficiency will be greatly lowered. 

[8] In addition, since the biological particles are separated in a state where the mixture 

is filled in the closed container, a large amount of samples are needed to thereby incur 
high costs and the separation means for implementing a vertical and rotational moving 
mechanism is complicated. Further, since an exposed portion such as a housing of the 
separation means is brought into direct contact with the mixture, the possibility of con- 
tamination of the mixture will be increased. 

[9] In Korean Patent Application No. 2004-25421 (entitled "apparatus and method for 

isolating cells using droplet type cell suspension"), therefore, a cell mixture containing 
specific cells tagged with magnetic beads is formed into a droplet type cell mixture and 
a magnetic field is then applied to the droplet type cell mixture such that the cell 
mixture is divided into the specific cells positioned at an upper portion thereof and the 
other cells positioned at a lower portion thereof. Then, only a buffer solution is ad- 
ditionally supplied to the droplet type cell mixture to completely isolate the lower other 
cells by means of gravity and then to recover the isolated specific cells. Accordingly, 
the configuration and process of the cell isolation apparatus can be simplified. 

[10] However, in a case where the specific cells are isolated using the droplet type cell 

mixture, the configuration and process of an apparatus for forming the cell mixture into 
a droplet type cell mixture are complicated. 

[11] Further, since the cell mixture is suspended and thus exposed to the air, the lower 

cells other than the specific cells may fluctuate. Furthermore, when the buffer solution 
is additionally added to remove the lower cells other than the specific cells to be 
isolated, a portion of the lower other cells may be again mixed with the upper specific 
cells. Thus, there is a problem in that isolation efficiency is lowered. 

[12] On the other hand, in a case where the other cells are bound to a surface where the 

specific cells are recovered, it may have a bad influence on the subsequent test in 
which the recovered specific cells will be used. Therefore, the purity of the obtained 
specific cells needs to be enhanced to the utmost. 
Disclosure of Invention 
Technical Problem 

[13] An object of the present invention is to provide an apparatus and method for 

separating cells in a simple and highly efficient manner through the process of creating 
a cell mixture layer by adjusting a gap between an upper plate and a lower plate 
oppositely positioned below the upper plate to contain a cell mixture between the 
upper and lower plates and adjusting a width of the formed cell mixture layer or 
separating the cell mixture layer while applying a magnetic field to the upper plate 
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over the cell mixture layer. 
Technical Solution 

[14] According to an aspect of the present invention for achieving the object, there is 

provided a cell separation apparatus, comprising a lower plate provided with a cell 
mixture holding portion, in which a cell mixture containing specific cells tagged with 
magnetic carriers is accommodated in an upwardly convex shape, at a top surface 
thereof; an upper plate positioned above the lower plate to face each other and to 
adsorb the cell mixture accommodated in the cell mixture holding portion of the lower 
plate into a bottom surface thereof; a magnetic field applying means positioned on a 
top surface of the upper plate; and a gap adjusting means coupled to the upper or lower 
plate to adjust a gap between the upper and lower plates to be increased or decreased, 
wherein the gap between the upper and lower plates is decreased by the gap adjusting 
means such that the cell mixture accommodated in the cell mixture holding portion is 
adsorbed in the bottom surface of the upper plate and then formed into a cell mixture 
layer, and the gap between the upper and lower plates is increased by the gap adjusting 
means such that the specific cells moved toward the upper plate by means of a 
magnetic field applied to the created cell mixture layer through the magnetic field 
applying means and cells other than the specific cells moved toward the lower plate by 
means of gravity are divided and then positioned in the bottom surface of the upper 
plate and the cell mixture holding portion of the lower plate, respectively. 

[15] Preferably, a cell mixture adsorbing portion is formed at the bottom surface of the 

upper plate such that the cell mixture holding portion of the lower plate is positioned to 
correspond to the cell mixture adsorbing portion of the upper plate. 

[16] The cell separation apparatus of the present invention may further comprise an 

upper housing with an open bottom and a lower housing with an open top, wherein the 
magnetic field applying means and the upper plate are installed within the upper 
housing such that the magnetic field applying means is positioned on the top surface of 
the upper plate, the lower plate and the gap adjusting means are installed within the 
lower housing such that the gap adjusting means is coupled to the lower plate, and the 
lower plate is vertically moved by the gap adjusting means to adjust the gap between 
the upper and lower plates in a state where the upper housing is coupled with the lower 
housing such that the bottom surface of the upper plate and the cell mixture holding 
portion of the lower plate are positioned to face each other. 

[17] Preferably, the gap adjusting means comprises a lower plate support formed with a 

recess for accommodating the lower plate therein at a top side thereof and a bolt-sh 
aped connection at a bottom side thereof, and a lower plate support moving dial having 
a nut-shaped connection threadedly engaged with the bolt-shaped connection of the 
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lower plate support; and the lower plate support is vertically moved by turning or 
rotating the lower plate support moving dial. 

Preferably, the gap adjusting means further comprises a dial stopper for restricting 
the rotation of the lower plate support moving means such that the cell mixture layer 
can be maintained. 

Preferably, the dial stoppers are installed on a bottom surface of the lower plate 
support moving dial and a predetermined portion of the lower housing such that the 
dial stopper is brought into contact with the bottom surface of the lower plate support 
moving dial at a position where the rotation of the lower plate support moving dial 
should be prevented. 

Preferably, the gap adjusting means comprises a lower plate support formed with a 
recess for accommodating the lower plate therein at a top side thereof and a roller at a 
bottom side thereof, a lower plate support moving bar for vertically moving the lower 
plate support in such a manner that the roller of the lower plate support is brought into 
contact with a plurality of steps with different levels decreasing from one side to 
another side, and bar moving dial having a pinion portion meshed with a rack portion 
formed on a side surface of the lower plate support moving bar; and the lower plate 
support is vertically moved as the level of the steps of the lower plate support moving 
bar brought into contact with the roller of the lower plate support is changed by turning 
or rotating the bar moving dial. 

Further, a groove for temporarily restricting a motion of the lower plate support 
may be formed on each of the steps. 

Preferably, the lower plate support moving bar includes a lower plate support 
shaking portion further extending from the step with the highest level and formed with 
a plurality of grooves. 

The cell separation apparatus of the present invention may further comprise a 
housing, wherein the upper and lower plates are installed within the housing such that 
the bottom surface of the upper plate and the cell mixture holding portion of the lower 
plate are positioned to face each other; the magnetic field applying means is positioned 
on the top surface of the upper plate; the gap adjusting means is coupled with the upper 
plate; and the upper plate is vertically moved by the gap adjusting means to adjust the 
gap between the upper and lower plates. 

Preferably, the gap adjusting means further comprises a stopper for restricting an 
upward motion of the upper plate support to allow the cell mixture layer to be 
maintained. 

According to another aspect of the present invention for achieving the object, there 
is provided a cell separation method comprising the steps of (a) creating a cell mixture 
containing specific cells tagged with magnetic beads into a cell mixture layer by 
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adjusting a gap between upper and lower plates to be decreased such that the cell 
mixture which is accommodated in a cell mixture holding portion of the lower plate in 
an upwardly convex shape can be adsorbed in a bottom surface of the upper plate 
positioned opposite to the cell mixture holding portion of the lower plate; (b) moving 
the specific cells toward the upper plate by applying a magnetic field to the cell 
mixture layer created in step (a) from the upper plate and simultaneously moving cells 
other than the specific cells toward the lower plate by means of gravity; and (c) 
allowing the specific cells moved toward the upper plate and the other cells moved 
toward the lower plate in step (b) to be divided and then positioned in the bottom 
surface of the upper plate and the cell mixture holding portion of the lower plate, re- 
spectively, when the cell mixture layer is separated by increasing the gap between the 
upper and lower plates. 

[26] The cell separation method of the present invention may further comprise the step 

of, after step (a), adjusting the gap between the upper and lower plates to maintain a 
thickness of the cell mixture layer at an optimal cell separation state. 

[27] Further, the cell separation method of the present invention may further comprise 

the steps of (dl) creating a specific cell mixture layer by decreasing the gap between 
the upper and lower plates after removing the other cells divided and positioned in the 
lower plate in step (c) or replacing the lower plate with a new one and then injecting a 
buffer solution containing no cells in the lower plate; (el) homogenizing the specific 
cell mixture layer by changing the gap between the upper and lower plates repeatedly 
several time while maintaining the specific cell mixture layer created in step (dl) (fl) 
moving the specific cells toward the upper plate by the magnetic field applied to the 
specific cell mixture layer homogenized in step (el) from the upper plate and simul- 
taneously moving the other cells in the specific cell mixture layer toward the lower 
plate by means of gravity; and (gl) allowing the specific cells moved toward the upper 
plate and the other cells moved toward the lower plate in step (fl) to be divided and 
then positioned in the bottom surface of the upper plate and the cell mixture holding 
portion of the lower plate, respectively, when the specific cell mixture layer is 
separated by increasing the gap between the upper and lower plates. 

[28] Furthermore, the cell separation method of the present invention may further 

comprise the steps of (d2) creating an other cell mixture layer by decreasing the gap 
between the upper and lower plates after removing the specific cells divided and 
positioned in the upper plate in step (c) or replacing the upper plate with a new one and 
then additionally injecting a buffer solution containing no cells in the lower plate; (e2) 
homogenizing the other cell mixture layer by changing the gap between the upper and 
lower plates repeatedly several times while maintaining the other ceil mixture layer 
created in step (d2) (f2) moving the specific cells toward the upper plate by the 
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magnetic field applied to the other cell mixture layer homogenized in step (e2) from 
the upper plate and simultaneously moving the other cells in the other cell mixture 
layer toward the lower plate by means of gravity; and (g2) allowing the specific cells 
moved toward the upper plate and the other cells moved toward the lower plate in step 
(f2) to be divided and then positioned in the bottom surface of the upper plate and the 
cell mixture holding portion of the lower plate, respectively, when the other cell 
mixture layer is separated by increasing the gap between the upper and lower plates. 
Advantageous Effects 

According to the cell separation apparatus and method of the present invention, 
necessary cells can be separated through a process of creating a cell mixture layer by 
adjusting a vertical gap of the cell separation chip composed of an upper plate and a 
lower plate for accommodating a cell mixture and of adjusting a thickness of the 
created cell mixture layer and separating the layer. Therefore, all the cells can be 
separated using the same cell separation chip regardless of the size of cells. Further, the 
separation process can be performed without any additional processes such as a 
pipetting process, a rotating process and a buffer solution injection process. 
Furthermore, separation efficiency can be enhanced by adjusting the thickness of the 
cell mixture layer in accordance with the separating conditions while applying a 
relatively strong magnetic field to the cells. Moreover, the separation efficiency can be 
further enhanced by additionally removing unnecessary cells through the homog- 
enization process performed after the separation of the necessary cells. 
Brief Description of the Drawings 

Fig. 1 is an exploded perspective view of an apparatus for separating cells by 
applying a magnetic field to a cell mixture layer in which specific cells tagged with 
magnetic beads are mixed according to an embodiment of the present invention. 

Fig. 2 is a view showing a state where upper and lower plates are not mounted to 
the cell separation apparatus according to the embodiment of the present invention. 

Fig. 3 is a view showing a state where a cell mixture is contained in the lower plate 
of the cell separation apparatus according to the embodiment of the present invention. 

Fig. 4 is a view showing a state where the cell mixture contained in the lower plate 
shown in Fig. 3 is formed into the cell mixture layer and an upper body is then covered 
onto a lower body in order to start the separation of cells. 

Figs. 5 to 8 are views illustrating the operation of the cell separation apparatus and 
the state of the cell mixture when the cells are separated in the cell separation 
apparatus according to the embodiment of the present invention. 

Fig. 9 is a view showing the state of the upper and lower plates when the upper 
body has been separated from the lower body after the process of Fig. 8. 
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[36 j Fig. 10 is a view showing a state where cells other than the specific cells in the 

lower plate are removed and a new solution is then added into the lower plate to 
enhance the purity of the specific cells remaining in the upper plate. 

[37] Figs. 1 1 to 18 are views each illustrating a process of causing a solution of the 

specific cells to be in a homogeneous state and then separating the specific cells after 
the upper and lower bodies are coupled with each other in a state of Fig. 10. 

[38] Fig. 19 is an exploded perspective view of an apparatus for separating cells by 

applying a magnetic field to a cell mixture layer in which specific cells tagged with 
magnetic beads are mixed according to another embodiment of the present invention. 

[39] Figs. 20 to 22 are views each illustrating a process of separating the cells using the 

cell separation apparatus according to another embodiment of the present invention. 

[40] Fig. 23 is a view showing a state where the specific cells remaining in the upper 

plate are removed and a proper amount of a new solution is added into the lower plate 
to enhance the purity of the lower other cells remaining in the lower the plate after the 
process of Fig. 22. 

[41] Figs. 24 to 28 are views each illustrating a process of causing a solution of the other 

cells to be in a homogeneous state and then separating the other cells after the upper 
and lower bodies are coupled with each other in a state of Fig. 23. 

[42] Figs. 29 and 30 are perspective views showing an apparatus for separating cells by 

applying a magnetic field to a cell mixture layer in which specific cells tagged with 
magnetic beads are mixed according to a further embodiment of the present invention. 
Best Mode for Carrying Out the Invention 

[43] As shown in Figs. 1 to 4, a cell separation apparatus 10 according to an embodiment 

of the present invention comprises an upper body 1 1 and a lower body 12. Here, a 
process of separating cells from a cell mixture is executed in a state where the upper 
body 1 1 for causing a magnetic field to be applied to the cell mixture is covered onto 
and then integrally coupled with the lower body 12 containing the cell mixture. 

[44J The upper body 1 1 includes an upper plate 111, magnets 1 13 positioned at an upper 

surface of the upper plate 1 1 1 to apply a magnetic field, an upper housing 1 15 with an 
open bottom for accommodating the upper plate 111 and the magnets 113 therein, and 
upper plate fixing means 1 14 for fixing the upper plate 1 1 1 to the upper housing 1 15. 

[45] The upper plate 1 1 1 includes a plurality of cell mixture adsorbing portions 1 12 

formed on a lower surface of the upper plate to adsorb a cell mixture from the lower 
body 12. The lower plate 1 1 1 may be formed into a flat and transparent chip with a 
thickness of 3 mm or less. 

[46] Each of the cell mixture adsorbing portions 1 12 may be formed either into a recess 

when the upper plate 1 1 1 is made of a hydrophilic biocompatible material such as 
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polymethylmethacrylate (PMMA), polypropylene or polyimide or into a ring when the 
upper plate is made of a hydrophobic biocompatible material such as poly- 
dimethylsiloxane (PDMS). In such a case, the cell mixture is adsorbed into the recess 
or the circumference of the adsorbed cell mixture is enclosed by the ring to define the 
boundary of the cell mixture. 

Each of the magnets 1 13 is installed in a state where they are accommodated in the 
upper housing 1 15. Each of the magnets 1 13 is preferably positioned to correspond to 
the cell mixture adsorbing portion 112 such that the magnetic field generated from the 
relevant magnet can be concentrated on the relevant cell mixture adsorbing portion 
1 12. In such a case, the size of the magnet 1 13 is equal to or slightly smaller than that 
of the cell mixture adsorbing portion and the thickness of the cell mixture adsorbing 
portion 1 12 is formed smaller than that of the upper plate 1 1 1 with a thickness of 3 mm 
or less such that the magnetic field can be sufficiently exerted thereon. 

In order to move specific cells tagged with magnetic beads in the cell mixture 
contained in the lower body toward the upper plate 1 1 1, the magnetic field generated 
in the magnet 113 should be maintained at a certain level enough to overcome the 
gravity exerted on the specific cells. 

In the embodiments of the present invention, each of the magnets is made of a 
neodymium permanent magnet such that it can generate a relatively strong magnetic 
field with a strength of approximately 0.5 T while occupying a minimum space. Ac- 
cordingly, the compact cell separation apparatus with high separation efficiency can be 
obtained. 

The upper plate fixing means 1 14 allows the upper plate 111 to be fixed to the 
upper housing 1 15 in a state where an upper surface of the fixing means faces the 
magnet 113. 

The lower body 12 includes a lower plate 121, a lower plate support 123 for holding 
the lower plate 121 to perform the separation process in such a state where the lower 
plate 121 is securely seated in the lower plate support, a lower plate support moving 
dial 124 which rotates to cause the lower plate support 123 to move in a vertical 
direction, and a lower housing 126 with an open top for accommodating the lower 
plate 121, the lower plate support 123 and the lower plate moving dial 124 therein. 

Dial stopper 125, 125' and 125" for restricting the lower plate support moving dial 
from being rotated beyond a certain limit are installed at predetermined positions on a 
bottom surface of the lower plate support moving dial 124 and corresponding positions 
on a floor surface of the lower housing 126. 

The lower plate 121 is configured such that a cell mixture to be separated is 
received in a cell mixture holding portion 122 formed in a top surface thereof in a 
convex shape. The lower plate 121 may be formed into a flat and transparent chip with 
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a thickness of 3 mm or less. In such a case, it is preferred that the lower plate be used 
together with the upper plate 1 1 1 as a set of a cell separation chip and also be 
discarded after one time use. 

Each of the cell mixture holding portions 122 is shaped in a circular or similar form. 
A surface of the lower plate 121 is coated or recessed such that an angle of contact 
between a liquid surface and a solid surface may be maintained at about 90 degrees or 
more when a liquid is placed onto the level solid surface. Then, a certain amount of 
cell mixture is injected and received in the cell mixture holding portion 122 such that 
the received cell mixture takes the shape of an upward hemisphere. 

Here, a case where the cell mixture holding portion 122 is formed into a recess will 
be discussed. If the lower plate 121 is made of a hydrophilic material, no additional 
treatment is required since the cell mixture does not flow out of the recess. However, if 
the lower plate 122 is made of a hydrophobic material, an inner surface of the recess 
should be coated with a hydrophilic material to allow the cell mixture to be easily 
adsorbed. 

The cell mixture holding portion 122 is formed at a position corresponding to the 
cell mixture adsorbing portion 1 12 of the upper plate 1 1 1 to create a layer while the ce 
11 mixture received in the cell mixture holding portion is adsorbed to the cell mixture 
adsorbing portion 1 12. 

The layer of the adsorbed cell mixture is created into a space composed of a liquid 
to which magnetic field and gravity are applied upward and downward, respectively. 
That is, the layer provides an environment in which the specific cells tagged with 
magnetic beads and the other cells are clearly separated from each other by the 
opposite forces. 

In a case where the cell mixture layer is formed between the cell mixture adsorbing 
portion 1 12 and the cell mixture holding portion 122 to separate the cells, the cell 
separation process is performed while a maximum magnetic field is applied to the cell 
mixture adsorbing portion 1 12 in a state where the cell mixture is not in a dynamic 
condition but in a static condition. Therefore, the cell separation process is simplified 
and its separation efficiency is increased. Further, since the cell mixture is consumed 
as much as required in the cell separation, the separation costs can also be reduced. 

The amount of cells to be separated can be determined by adjusting the number or 
size of the cell mixture adsorbing portions 1 12 of the upper plate 1 1 1 and the cell 
mixture holding portions 122 of the lower plate 121 which create the cell mixture layer 
between the portions. In addition, since several kinds of the cells can be separated si- 
multaneously, the cell separation suitable to the various circumstances can be made. 

However, as the volume of the cell mixture received in the cell mixture holding 
portion 122, i.e. a surface area of the cell mixture holding portion 122, is increased, the 
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angle of contact is decreased due to an increased effect of gravity. 

[61] Accordingly, in the embodiments of the present invention, an optimal cell 

separating environment for the easy cell separation is maintained by keeping a 
diameter of the cell mixture holding portion 122 not more than about 18 mm, 
preferably at a level of 14 mm such that the width of the cell mixture layer can be 
maintained within a range of 2 to 3 mm. 

[62] The lower plate support 123 is formed with a concave portion for accommodating 

the lower plate 121 therein such that the cell separation process can be performed in a 
state where the lower plate 121 is securely seated in the concave portion. 

[63] Further, the lower plate support 123 is installed to be movable within the lower 

housing 126 in a vertical direction. That is, a bolt-shaped connection is formed on a 
bottom surface of the lower plate support 123 to be engaged with a nut-shaped 
connection formed on the lower plate support moving dial 124 such that the lower 
plate support and thus the lower plate 121 can be moved vertically by means of the 
rotation of the dial 124. 

[64] The lower plate support moving dial 124 is installed such the lower plate support 

123 can be moved vertically by rotating an exposed portion thereof in a horizontal 
direction in a state where a portion of the dial is exposed to the outside from a front 
side of the lower housing 126. 

[65] As the lower plate support moving dial 124 is moved horizontally, the lower plate 

support 123 is moved vertically to allow a vertical position of the lower plate 121 to be 
adjusted. Accordingly, the cell mixture received in the cell mixture holding portion 122 
is adsorbed into the cell mixture adsorbing portion 1 12 to either create a cell mixture 
layer between the upper and lower plates 1 1 1 and 121 or remove the created cell 
mixture layer. 

[66] Here, in order to facilitate the cell separation process, a position or range where the 

cell mixture layer is created or removed may be indicated on the lower plate support 
moving dial 124 using letters or colors. 

[67] For example, numerals T, '2' and '3' are indicated on an edge of the lower plate 

support moving dial 124 in a counterclockwise direction in such a manner that the 
numeral T means a state where the cell mixture layer is compressed, 'T means a state 
where the cell mixture layer is maintained at a proper width, and '3' means a state 
where the cell mixture layer has been removed. 

[68] In the cell separation apparatus 10 according to an embodiment of the present 

invention, the width between the upper and lower plates 1 1 1 and 121 can be set 2 mm 
for the T state, 2.5 to 3 mm for the '2' state, and 5 to 6 mm for the '3' state when the 
diameter id the cell mixture holding portion 122 is 14 mm. 

[69] Accordingly, in the cell separation apparatus 10 of the embodiment of the present 
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invention, both the lower plate support 123 and the lower plate support moving dial 
124 perform a function as a means for adjusting the gap between the upper and lower 
plates 1 1 1 and 121 by moving the lower plate 121 to execute a process of creating a 
cell mixture layer and adjusting the width of or separating the created cell mixture 
layer. 

[70] In a case where a cell mixture layer is created or the created layer is divided to 

separate the cells while the gap between the upper and lower plates 1 1 1 and 121 is 
adjusted to be increased or decreased, the cell separation can be smoothly obtained 
without any additional equipment since the cell distribution due to the magnetic field 
and gravity in the layer and the creation or separation of the layer can be simul- 
taneously determined. 

[71] Further, the dial stopper 125 is installed in the form of a protrusion at the T and '3' 

positions on the bottom surface of the lower plate support moving dial 124. 

[72] In addition, the dial stopper 125' formed on the floor surface of the lower housing 

126 is installed in the form of a protrusion at a position such that it is brought into 
contact with the 'S'-position dial stopper 125 and thus not further rotated when the 
numeral T is exposed to the outside from the front side of the lower housing 126 and 
that it is brought into contact with the T-position dial stopper 125 and thus not further 
rotated when the numeral '3' is exposed to the outside. 

[73] Therefore, the lower plate support moving dial 124 is rotated only within the T and 

'3' positions by the dial stoppers 125 and 125' such that a process of creating and 
separating the cell mixture layer can be conveniently performed without paying 
specific attention thereto. 

[74] The lower housing 126 is integrally coupled with the upper housing 1 15 in such a 

manner that the open top of the lower housing is connected to the open bottom of the 
upper housing. Some protrusions are formed around an outer rim of the lower housing 
126 such that the lower housing can be easily coupled with the upper housing 115. 

[75] When the lower and upper housings 126 and 1 15 are coupled with each other, a 

closed space is defined between the housings such that an optimal environment in 
which cells are alive is maintained while moisture evaporation or temperature change 
in the cell mixture layer is minimized. 

[76] Furthermore, in a case where the cells other than the specific cells are tagged to the 

separated specific cells within the cell separation apparatus 10 according to the 
embodiment of the present invention, the purity of the specific cells can be further 
increased by separating and eliminating the other cells from the separated cells during 
the homogenization process in a state where the cell mixture layer is maintained. 

[77] A further dial stopper 125" is installed at a front side of the lower plate 126 such 

that the lower plate support moving dial 124 can be rotated only within a limit where 



WO 2006/091060 



12 



PCT/KR2006/001077 



the layer is maintained when the homogenization process is performed. 

[78] The dial stopper 125" can be installed to move leftward or rightward. Thus, a 

portion of the dial stopper protruding toward the lower plate support moving dial 124 
is also moved leftward or rightward within the lower housing 126. 

[79] Therefore, if the dial stopper 125" is moved leftward, the T-position dial stopper 

125 is hindered by the protruding portion of the dial stopper 125" from being further 
rotated when the dial stopper 125 is positioned such that the numeral *2' is exposed to 
the outside. Thus, the homogenization process can be rapidly and conveniently 
performed while the cell mixture layer is maintained. 

[80] However, if the dial stopper 125" is moved rightward, the T-position dial stopper 

125 is not hindered by the protruding portion of the dial stopper 125 M from being 
rotated and the lower plate support moving dial 124 can thus be turned up to the '3* 
position in a counterclockwise direction even when the dial stopper 125 is positioned 
such that the numeral '2' is exposed to the outside. 

[81] Considering that the upper and lower plates 1 1 1 and 121 are newly exchanged 

whenever cells are separated, the cell separation apparatus 10 of the embodiment of the 
present invention may be divided into a cell separation chip composed of the upper and 
lower plates 1 1 1 and 121, and a cell separation executing unit for adjusting the gap 
between the upper and lower plates 1 1 1 and 121 and executing the cell operation by 
means of the magnetic field applied between the plates. 

[82] A process of separating cells from a cell mixture by using the cell separation 

apparatus according to the embodiment of the present invention will be described. 

[83] As shown in Fig. 3, the upper body 1 1 of the cell separation apparatus 10 of the 

present invention is first disconnected from the lower body 12. Then, a cell mixture in 
which the specific cells tagged with magnetic beads are mixed is injected and received 
in the lower plate 121 of the lower body 12, i.e. each cell mixture holding portion 122 
with a diameter of 14 mm, at an amount of 500D. 

[84] As shown in Fig. 4, the upper body 1 1 is covered onto the lower body 12 such that 

they are integrally coupled with each other. Here, in a case where the numeral T 
indicated on the lower plate support moving dial 124 of the lower body 12 is 
positioned to be exposed to the outside as shown in Fig. 5, the '3-position dial stopper 
125 is brought into contact with the dial stopper 125' installed on the floor surface of 
the lower housing 126, and thus, the lower plate support moving dial 124 cannot be 
further rotated. 

[85] In such a case, the cell mixture layer in which the specific cells and the other cells 

are uniformly distributed between the cell mixture adsorbing portion 1 12 of the upper 
plate 1 1 1 and the cell mixture holding portion 122 of the lower plate 121 in a 
compressed state. 
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Next, if the lower plate support moving dial 124 positioned with the numeral T 
exposed to the outside is rotated in a counterclockwise direction to cause the numeral 
'2' to be exposed to the outside, the dial stopper 125 installed on the bottom surface of 
the lower plate support moving dial 124 is moved rightward but is not brought into 
contact with the dial stopper 125' installed on the floor surface of the lower housing 
126. 

In such a case, the lower plate 121 is moved downward to thereby increase the gap 
between the lower and upper plates such that the compressed cell mixture layer can be 
formed into a layer with a predetermined width suitable for the cell separation. 

However, it is not always preferred that the thickness of the cell mixture layer 
created between the upper and lower plates 1 1 1 and 121 be kept constant whenever 
cells are separated. 

In general, as the vertical width of the cell mixture layer, i.e. the gap between the 
upper and lower plates 111 and 121 is increased, the cell separation can be clearly 
performed by means of the magnetic field applied to the specific cells and the gravity 
applied to the other cells. 

However, the compatibility (generality) that all the characteristics (size, density, 
degree of magnetization and the like) of the magnetic beads varying according to the 
manufacturers can be accepted after the cell mixture layer has been created should be 
obtained, or the characteristics of specific cells themselves should be properly 
controlled since the degrees of the specific cells contained in the cell mixture (cell con- 
centration) are different from each other. Further, an adsorption degree may vary 
according to whether the material of the upper and lower plate 1 1 1 and 121 as a cell 
separation chip is hydrophilic or hydrophobic. Thus, the gap between the upper and 
lower plates 1 1 1 and 121 should be adjusted to maintain the cell separation in an 
optimal state. 

Here, if it is assumed that the optimal cell separation state can be maintained by 
slightly increasing the width of the cell mixture layer so created, the lower plate 
support moving dial 124 is slightly further rotated in a counterclockwise direction as 
compared with when the numeral '2* is exposed to the outside as shown in Fig. 7. That 
is, the lower plate 121 can be moved downward slightly further than as shown in Fig. 
6. 

In such a case, the dial stopper 125 installed on the bottom surface of the lower 
plate support moving dial 124 is further moved in a counterclockwise direction but is 
not yet brought into contact with the dial stopper 125' installed on the floor surface of 
the lower housing 126. 

Then, if the current state is maintained for 7 to 15 minutes while the magnetic field 
is applied to the cell mixture layer with an optimal width through the magnets 1 13 
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disposed on the top surface of the upper plate 1 1 1, the specific cells in the cell mixture 
layer are moved toward the upper plate 1 1 1. At the same time, the other cells in the 
cell mixture layer are also moved toward the lower plate 121 by means of gravity. 
[94] Finally, if the lower plate support moving dial 124 is turned in a counterclockwise 

direction with the numeral '3' exposed to the outside, the T-position dial stopper 125 is 
also moved in the counterclockwise direction and is brought into contact with the 
relevant dial stopper 125' installed on the floor surface of the lower housing 126. Thus, 
it is possible to prevent the lower plate support moving dial 124 from being further 
rotated. 

[95] In such a case, the lower plate 121 will be completely moved downward such that 

the cell mixture layer can be separated. As a result, the specific cells and the other cells 
are divided and then positioned in the upper and lower plates 1 1 1 and 121, re- 
spectively. 

[96] Therefore, the dial stopper 125 and 125* perform the functions of creating the cell 

mixture layer, adjusting the width of the created cell mixture layer, separating the layer 
and separating the cells in a convenient way while being turned within the range of the 
T and '3' positions. 

[97] As shown in Fig. 9, the specific cells and the other cells are divided and then 

received in the upper plate 1 1 1 of the upper body 1 1 and the lower plate 121 of the 
lower body 12, respectively. Thereafter, necessary cells are collected and then utilized. 

[98] As shown in Fig. 4, when the upper body 1 1 is covered onto the lower body 12 such 

that they are integrally coupled with each other, the lower plate support moving dial 
124 of the lower body 12 is positioned in a state where the numeral '2' or '3' is exposed 
to the outside. Preferably, the lower plate support moving dial 124 is turned in a 
clockwise or counterclockwise direction to maintain or create the cell mixture layer. 

[99] According to the present invention, the cell separation apparatus 10 can be simply 

operated and be portable due to the small size thereof. Further, specific cells that 
should be maintained at a temperature of 4°C can be simply stored and then separated 
in a refrigerator without moving the cell separation apparatus containing the specific 
cells to a specific place or using additional cooling equipment. 

[100] The cells adsorbed to the upper plate 1 1 1 should become the specific cells. In fact, 
however, the other cells may be adsorbed to the upper plate 111 when the cell mixture 
layer is created. Alternatively, a portion of the other cells adhering to the specific cells 
may be attracted together with the specific cells when they are attracted toward the 
upper plate 1 1 1 by means of the magnetic field generated from the magnets 1 13. 
Therefore, unnecessary cells other than the specific cells adsorbed to the upper plate 
1 1 1 should also be separated. 

[101] Accordingly, in order to create an environment in which the other cells adhering to 
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the specific cells can be optimally separated, the separated other cells are removed 
from the lower plate 121 or the used lower plate is replaced with a new lower plate. 
Then, a buffer solution containing no cells is injected and accommodated in the lower 
plate 121 as shown in Fig. 10. Finally, the upper body 1 1 having the upper plate 111 
with the specific cells adsorbed therein is covered onto the lower body 12 having the 
lower plate 121 such that the two bodies are integrally coupled with each other. 

[102] As shown in Fig. 1 1, since the lower plate support moving dial 124 is positioned 

such that the numeral '3' can be exposed to the outside, the specific cells are positioned 
in the upper plate 1 1 1 and the buffer solution is positioned in the lower plate 121, but a 
cell mixture layer is not yet created between the two plates. 

[103] Next, as shown in Figs. 12 and 13, if the lower plate support moving dial 124 
positioned at the '3' position is sequentially turned to the '2' and T positions in a 
clockwise direction, the dial stopper 125 installed on the bottom surface of the lower 
plate support moving dial 124 is moved in a clockwise direction and then brought into 
contact with the dial stopper 125' installed on the floor surface of the lower housing 
126 such that the lower plate support moving dial 124 cannot be further turned in a 
clockwise direction. 

[104] In such a case, as the lower plate 121 is moved upward, the gap between the upper 
and lower plates is decreased. Thus, the specific cells adsorbed in the upper plate 1 1 1 
and the buffer solution contained in the lower plate 121 are mixed to create a specific 
cell mixture layer suitable for the cell separation such that the created layer is again in 
a vertically compressed state. 

[105] Further, as shown in Fig. 14, while the lower plate support moving dial 124 is still 
maintained at the T position, the dial stopper 125" is moved leftward. 

[106] Furthermore, as shown in Fig. 15, if the lower plate support moving dial 124 

positioned at the T position is turned in a counterclockwise direction to be positioned 
at the '2* position after the dial stopper 125" has been moved leftward, the dial stopper 
125" prevents the dial stopper 125 positioned at the T position from being rotated in a 
counterclockwise direction such that the lower plate support moving dial 124 cannot be 
further turned in the counterclockwise direction. 

[107] Next, the processes illustrated in Figs. 15 and 16 are repeated several times, e.g. 10 
times, while maintaining the specific cell mixture layer created between the upper and 
lower plates 111 and 121 to rapidly and conveniently homogenize the specific cell 
mixture layer. 

[108] Then, the specific cell mixture layer is shaken vertically to the utmost in a state 
where the specific cell mixture layer is maintained, and consequently, the other cells 
that adhere to the upper plate 1 1 1 together with the specific cells reacting with the 
magnets 1 13 are separated such that the layer can be in a single cell state. 
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[109] After the homogenization process has been completed, the specific cell mixture 

layer is left alone for 7 to 15 minutes in a state where the numeral '2' is exposed to the 
outside, as shown in Fig. 15. Then, the specific cells in the homogenized cell mixture 
layer are moved toward the upper plate 1 1 1 by means of the magnetic field applied 
thereto through the magnets 113, whereas the other cells in the cell mixture layer are 
moved toward the lower plate 121 by means of gravity. 

[110] If the dial stopper 125" is moved rightward and the lower plate support moving dial 
124 is then turned in the counterclockwise direction toward the '3' position in such a 
state as shown in Fig. 17, the T-position dial stopper 125 is moved rightward and 
brought into contact with the dial stopper 125' installed on the floor surface of the 
lower housing 126 to restrict the rotation of the lower plate support moving dial 124. 

[Ill] In such a case, the lower plate 121 has completely will be completely moved 

downward such that the cell mixture layer can be separated. As a result, the specific 
cells and the other cells are divided and then positioned in the upper and lower plates 
111 and 121, respectively. 

[1 12] That is, the other cells contained in the separated specific cells are additionally 
separated and removed from the upper plate 1 1 1 to thereby markedly enhance the 
purity of the necessary specific cells. 

[113] Fig. 19 shows a cell separation apparatus 20 according to another embodiment of 
the present invention. The cell separation apparatus shown in Fig. 19 is identical to the 
cell separation apparatus 10 of the previous embodiment except their gap adjusting 
means for adjusting the gap between the upper and lower plates. Hereinafter, the gap 
adjusting means for adjusting the gap between the upper and lower plates will be 
mainly described. 

[1 14] In the cell separation apparatus 10 according to the previous embodiment of the 
present invention, the lower plate support moving dial 124 which serves as a gap 
adjusting means for adjusting the gap between the upper and lower plates and includes 
the nut-shaped connection engaged with the bolt-shaped connection formed on the 
bottom surface of the lower plate support 123 is rotated to vertically move the lower 
plate support 123 such that the vertical position of the lower plate 121 can be adjusted. 
On the other hand, in the cell separation apparatus 20 according to this embodiment of 
the present invention, a bar moving dial 227 having a pinion gear portion meshed with 
a rack portion formed on a side surface of a lower plate support moving bar 224 is 
rotated to horizontally move the lower plate support moving bar 224 with three steps 
formed on an upper surface of the lower plate support moving bar 224 such that a 
lower plate support 223 can be moved vertically by using a roller formed on a bottom 
surface of the lower plate support 223. 

[115] The three steps in the cell separation apparatus 20 according to this embodiment of 
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the present invention perform the same function as the T, *2' and 3' positions indicated 
on the edge of the lower plate support moving dial 124 of the cell separation apparatus 
10 according to the previous embodiment of the present invention. 

[116] The lower plate support 223 includes a roller, unlike the bolt-shaped connection 

formed on the lower plate support 123 of the cell separation apparatus 10 according to 
the previous embodiment of the present invention. 

[117] The lower plate support moving bar 224 is formed with three steps whose levels are 
decreased from left to right to implement the vertical motion of the lower plate support 
223 in correspondence with the T to '3' positions. However, the number of steps may 
be changed, or the steps may be connected in an inclined manner. 

[118] The roller formed below the lower plate support 223 is kept in contact with any one 
of the three steps formed on the upper surface of the lower plate support moving bar 
224. 

[1 19] Therefore, if the lower plate support moving bar 224 is moved in a horizontal 

direction along its longitudinal axis, the position of the steps brought into contact with 
the roller is changed to vertically move the lower plate support 223 including the 
roller. 

[120] Grooves 225 for temporarily restricting the motion of the lower plate support 223 
are formed on the three steps, respectively. 

[121] The grooves 225 cause the roller to be temporarily held therein until a pre- 
determined force is applied to the roller. Thus, the aforementioned positions '1', '2' and 
'3' can be sensibly divided such that a user can easily create the layer, adjust the width 
of the created layer and separate the layer. 

[ 1 22] Further, a lower plate support shaking portion 226 extending from the groove 225 
and formed with a plurality of grooves is installed on the upper surface of the lower 
plate support moving bar 224. 

[123] The vibration generated from the lower plate support shaking portion 226 is 

transmitted to the lower plate 221 through the lower plate support 223 to perform a 
process of homogenizing a cell mixture layer containing cells other than the specific 
cells. 

f 124] The bar moving dial 227 is configured in such a manner that a portion of its edge is 
exposed to the outside from a front side of a lower housing 228. If the exposed portion 
of the bar moving dial is turned in a counterclockwise direction, the lower plate 
support moving bar 224 is moved from right to left. 

[125] At this time, the pinion gear portion of the bar moving dial 227 is threadedly 

engaged with the rack portion of the lower plate support moving bar 224. That is, as 
the bar moving dial 227 is turned, the lower plate support moving bar 224 is moved 
horizontally. Thus, the level of the steps brought into contact with the roller of the 
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lower plate support 223 is changed to allow the lower plate support 223 to be vertically 
moved. 

[126] A process of separating cells using the cell separation apparatus 20 according to this 
embodiment of the present invention so configured will be explained as follows. 

[127] A cell mixture is first injected and received in a lower body 22 of the cell separation 
apparatus according to this embodiment of the present invention, and an upper body 21 
is then covered onto the lower body 22 such that the two bodies can be integrally 
coupled with each other. As shown in Fig. 20, if the bar moving dial 227 is positioned 
such that the numeral T is exposed to the outside, the roller of the lower plate support 
223 is temporarily fixed and positioned in the first groove 225-1 corresponding to the 
T position. 

[1 28] In such a case, a cell mixture layer in which the specific cells and the other cells are 
uniformly distributed is created in a compressed state between a cell mixture adsorbing 
portion 212 of an upper plate 211 and a cell mixture holding portion 222 of the lower 
plate 221. 

[129] Next, if the bar moving dial 227 is turned in the counterclockwise direction from 
the T position to another position where the numeral '2' is exposed to the outside, the 
lower plate support moving bar 224 is moved leftward to thereby move the lower plate 
support 223 downward and to increase a gap between the upper and lower plates as 
shown in Fig. 21. Therefore, the cell mixture layer with a width suitable for the cell 
separation can be created. 

[130] In such a case, the roller of the lower plate support 223 is kept in a state where it is 
temporarily fixed into the second groove 225-2 corresponding to the '2' position. 

[131] Then, if the current state is maintained for 7 to 15 minutes while the magnetic field 
is applied to the cell mixture layer with an optimal width through the magnets 213 
disposed on the top surface of the upper plate 21 1, the specific cells in the cell mixture 
layer are moved toward the upper plate 2 1 1. At the same time, the other cells in the 
cell mixture layer are also moved toward the lower plate 221 by means of gravity. 

[ 1 32] Finally, if the bar moving dial 227 is turned in the counterclockwise direction from 
the '2' position to another position where the numeral '3' is exposed to the outside, the 
lower plate support moving bar 224 is moved leftward to thereby to completely move 
the lower plate support 223 downward and to increase the gap between the upper and 
lower plates, as shown in Fig. 22. Thus, the cell mixture layer is separated such that the 
specific cells and the other cells are divided and then positioned in the upper and lower 
plates 211 and 221, respectively. 

[1 33] In such a case, the roller of the lower plate support 223 is kept in a state where it is 
temporarily fixed into the third groove 225-3 corresponding to the '3' position. 

[134] Accordingly, as shown in Fig. 9, since the specific cells and the other cells are 
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divided and then positioned in the upper and lower plates 21 1 and 221, respectively, 
necessary cells will be collected and utilized later. 
[135] In the cell separation apparatus 20 according to this embodiment of the present 
invention, the steps of creating the cell mixture layer, adjusting the thickness of the 
later and separating the layer can be sensibly divided at temporarily fixed conditions 
such that a user can feel the conditions and perform the convenient and precise cell 
separation process. 

[136] The cells adsorbed to the lower plate 221 should become the cells other than the 

specific cells. In fact, however, a portion of the specific cells adhering to the other cells 
may be attracted together with the other cells when they are attracted toward the lower 
plate 221 by means of gravity. 

[137] Here, the cells to be collected generally become the specific cells tagged with 
magnetic beads. However, if they are clinically utilized, the other cells with no 
magnetic beads tagged thereto may be employed. 

[138] Accordingly, the cells other than unnecessary specific cells adsorbing to the upper 
plate 211 should be separated. 

[139] In order to create an environment where the specific cells adhering to the other cells 
can be optimally separated, the separated specific cells should be removed from the 
lower plate 121 or the used lower plate is replaced with a new lower plate as shown in 
Fig. 23. 

[140] Further, the upper body 21 including the empty upper plate 21 1 is covered onto the 
lower body 22 including the lower plate 221 injected with a buffer solution with no 
cells contained therein at an amount corresponding to a degree that the specific cells 
transferred to the upper plate 211 are replenished, such that the upper and lower bodies 
can be integrally coupled with each other. 

[141] In such a case, as shown in Fig. 24, the bar moving dial 227 is positioned in a state 
where the numeral '3' is exposed to the outside. That is, no cell mixture layer is created 
in a state where the upper plate 21 1 is only empty. 

[142] As shown in Figs. 25 and 26, if the bar moving dial 227 is turned in a clockwise 

direction from the 3' position through the *2* position to the T position, the lower plate 
support moving bar 224 is moved rightward and the roller of the lower plate support 
223 is positioned on the highest step. Thus, the lower plate support 223 can be pushed 
upward. 

[143] In such a case, as the lower plate 221 is moved upward, the gap between the upper 
and lower plates is decreased such that the cell mixture of the other cells in the lower 
plate 221 absorbs against the upper plate 21 1 to create the mixture layer of the other 
cells suitable for the cell separation. Then, the created layer is in a compressed state. 

[144] Next, as shown in Fig. 26, if the bar moving dial 227 is further turned from the T 
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position in the clockwise direction (the lower plate support 223 is moved at a dotted 
line of Fig. 26), the vibration generated when the roller of the lower plate support 223 
travels rightward along the lower plate support shaking portion 226 in a state where 
they are brought into contact with each other is transmitted to the lower plate 22 1 
through the lower plate support 223. 

[145] At this time, even when the bar moving dial 227 is turned in the counterclockwise 
direction to move the roller of the lower plate support 223 rightward up to the first 
groove 225-1 corresponding to the T position, the vibration generated when the roller 
of the lower plate support 223 travels leftward along the lower plate support shaking 
portion 226 in a state where they are brought into contact with each other is transmitted 
to the lower plate 221 through the lower plate support 223. 

[146] The homogenization process is performed while the vibration transmitted to the 
lower plate 221 is applied to the other cell mixture layer. This process is repeated 
several times, e.g. less than 10 times, while maintaining the other cell mixture layer 
created between the upper and lower plates 211 and 221. 

[147] Then, since a maximum vibration can be applied to the maintained other cell 

mixture layer, the specific cells adhering to lower plate 221 together with the other 
cells fallen onto the lower plate 221 by means of gravity come off from the lower plate 
221. Subsequently, the specific cells are moved toward the upper plate 21 1 by means 
of the magnetic field applied thereto from the magnets 213. 

[148] After the homogenization process has been performed, the cell mixture layer is left 
alone for 7 to 15 minutes in a state where the roller is temporarily fixed in the second 
groove 225-2 by positioning the bar moving dial at the '2' position, as shown in Fig. 
27. As a result, the specific cells are moved toward the upper plate 21 1 by means of the 
magnetic field applied thereto from the magnets 213 while the other cells are moved 
toward lower plate 221 by means of gravity. 

[149] In such a state, if the bar moving dial 227 is further turned in the counterclockwise 
direction from the 'T position to the *3' position, the lower plate support moving bar 
224 is moved leftward and thus the lower plate support 223 is completely moved 
downward as shown in Fig. 28. Therefore, the gap between the upper and lower plates 
are increased to thereby separate the cell mixture layer such that the specific cells and 
the other cells are divided and then received in the upper and lower plates 211 and 221, 
respectively. 

[150] At this time, the roller of the lower plate support 223 is kept in a state where it is 

temporarily fixed in the third groove 225-3 for restricting the motion of the lower plate 
support. 

[151] Accordingly, the unnecessary specific cells can be additionally separated from the 
other cell mixture from which the specific cells have been previously separated and 
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finally removed from the lower plate 221. Thus, the purity of the other cells can be 
greatly enhanced. 

[152] A cell separation apparatus 30 according to a further embodiment of the present 
invention is identical to those of the previous embodiments of the present invention 
except the following points. That is, in the previous embodiments of the present 
invention, the upper body to which the magnetic field is applied is covered onto the 
lower body in which the cell mixture is contained such that the two bodies are 
integrally coupled with each other. At this state, the lower plate is moved to adjust the 
gap between the upper and lower plates such that the specific and other cells are 
separated. On the other hand, in this embodiment of the present invention, the upper 
and lower plates are installed in a single housing and the upper plate is then moved to 
adjust the gap between the upper and lower plates such that the specific and other cells 
are separated. Hereinafter, the foregoing difference will be mainly described. 

[153] In the cell separation apparatus 30 according to the further embodiment of the 

present invention, an upper plate support 34 and a lower plate support 36 are installed 
to be movable in a fore and aft direction within a housing 3 1 with a portion thereof 
opened forward. Here, the lower plate support 36 is fixed installed at a lower portion of 
the housing 31, whereas the upper plate support 34 is positioned above the lower plate 
support 36 by a certain distance and installed to be vertically movable within the 
housing 31. 

[154] The upper plate support 34 and the lower plate support 36 are formed with recesses 
in which an upper plate 33 and a lower plate 35 are received, respectively. That is, the 
upper and lower plates 33 and 35 are installed within the recesses, respectively, such 
that cell mixture adsorbing portions and cell mixture holding portions face each other. 

[155] Further, a magnet 32 is installed above the upper plate support 34 to face a top 
surface of the upper plate 33. 

[156] In addition, the upper plate support 34 is threadedly engaged (not shown) with an 
upper plate support moving dial 37 installed on an outer side of the housing 31 such 
that it can be vertically moved by means of the rotation of the upper plate support 
moving dial 37. 

[157] Here, when the upper plate support 34 is vertically moved, both the magnet 32 and 

the upper plate 33 are moved together with the support 34. 
[158] Further, a dial stopper 38 is installed on another outer side of the housing 31 to 

restrict the vertical motion of the upper plate support 34 which is vertically moved as 

the upper plate support moving dial 37 is turned or rotated. 
[159] The dial stopper 38 restricts the upward motion of the upper plate support 34 by 

using a protrusion formed to protrude into the housing 3 1 when the dial stopper is 

pushed, such that a cell mixture layer can be maintained. 
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[160J A process of separating cells using the cell separation apparatus according to the 
further embodiment of the present invention so configured will be hereinafter 
described. 

[161] First, the lower plate support 36 is taken out in a front loading mode toward a user 
standing in front of the cell separation apparatus and the cell mixture is then injected 
and contained in the lower plate 35 in a state where the lower plate 35 is securely 
seated in the recess of the lower body with the cell mixture holding portions facing 
upward. Then, the lower plate support 36 is again pushed rearward into the housing 31. 

[162] Next, the upper plate support 34 is taken out in a front loading mode toward the 

user standing in front of the cell separation apparatus and the upper plate 33 is securely 
seated in the recess of the upper body with the cell mixture adsorbing portions facing 
upward. The aforementioned processes may be performed in a reverse order. 

[163] Then, the magnet 32, the upper plate 33 and the upper plate support 34 are 

vertically moved together with one another as the upper plate support moving dial 37 is 
turned. Thus, the upper plate 33 is moved toward the lower plate 35 to be closer to 
each other to create the cell mixture layer. Then, the magnetic field is applied to the 
created cell mixture layer from the upper plate 33 using the magnet 32 to move the 
specific cells and the other cells toward the upper plate 33 and the lower plate 35, re- 
spectively. Finally, the upper plate 33 is again moved far away from the lower plate 35 
to allow the cell mixture layer to be separated. 

[164] Here, if the upper plate support 34 and the lower plate support 36 are brought into 
contact with each other, the cell mixture layer can be created in a compressed state 
between the upper and lower plates 33 and 35. 

[1 65] Finally, the specific cells adsorbed in the upper plate 33 can be recovered after the 
upper plate support 34 is pulled out, or the other cells in the lower plate 35 can be 
recovered after the lower plate support 36 is pulled out. 

[166] Further, the homogenization process performed in the cell separation apparatus 10 
and 20 according to the previous embodiments of the present invention may be 
executed by operating the dial stopper 38. 

[167] The process of separating cells from a cell mixture according to the embodiments of 
the present invention was tested as follows. 

[168] A cell mixture obtained by flushing bone marrow cells is first labeled with magnetic 
beads. The concentration of the cell mixture used to separate specific cells from the 
cell mixture for each antibody is 10 7 /D, and the cell separation process is performed in a 
cold chamber at a temperature below 4°C to exclude the temperature effects. 
169] In case of the cell separation apparatus 10 and 20 according to the embodiments of 
the present invention, since the upper and lower bodies are coupled integrally with 
each other, a closed space is created and the cell mixture is injected in the cell mixture 
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holding portions. Then, if the cell separation apparatus including the cell mixture is 
placed for 7 to 15 minutes within a refrigerator or the like of which inside temperature 
is kept at about 4°C in a state where the lower plate moving dial is placed at the '3' 
position, the cell separation process is fully completed without any additional 
operations or cold chamber. Thus, it is very convenient to perform the cell separation 
process. 

[170] When it is defined that the separated specific cells are positive while the other cells 
are Negatives, the results of the separation efficiency of positive obtained using a 
variety of antibodies can be expressed as follows. 

[171] Table 1 



AntibodyUsed 


Content of Specific Cells Contained in 
Control 


Separation 
Efficiency 


CD45 


80% 


97.5% 


Terll9 


13.3% 


98% 


Seal 


2.09% 


28% 


SSEA1 


<1% 


19.5% 


SSEA3 


<1% 


13% 



[172] Further, after the cells other than the separated specific cells, i.e. negative, have 

been collected, a separation error ratio (a ratio that the positive remains in the negative 
in a state where the positive is not fully separated) is confirmed. The results are 
expressed as follows. 

[173] Table 2 



AntibodyUsed 


Content of Specific Cells Contained in Control 


Separation 
Efficiency 


CD45 


80% 


5.4% 


Terl 19 


13.3% 


18.3% 


Seal 


2.09% 


1.8% 


SSEA1 


<1% 


0.8% 


SSEA3 


<1% 


0.5% 



[174] The process of enhancing the purity of cells separated by applying a magnetic field 
to a cell mixture according to the embodiments of the present invention was 
specifically tested as follows. 

[175] In an experiment example of the present invention, the state of cells was measured 
from the negative solution collected after the cell separation process such that the error 
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ratio can be confirmed by checking how much the positive is contained in the solution 

in the lower plate, i.e. the negative solution. 
[176] Basically, the cells used in the experiment example are cells reacting with the 

Terl 19 antibody, the magnetic field from the magnet is 0.5 T, and the exposed period 

of time is 9 minutes. 
[177] Table 3 




[178] As seen from Table 3, the separation efficiency when the specific cells exist 

(positive exists) in the cell mixture at a content level of 13.3% (Control.002 means a 
control and is used to compare the state of cells and the separation efficiency by 
measuring the state of cell mixture before the test) is expressed as follows. 

[179] Table 4 




u i 

[180] As seen from Table 4, MB-P.002 corresponds to the measurement of the state of 
positive after the separation which indicates a separation efficiency of 93.77%. At the 
same time, MB1-N.023 shows that the positive is contained in the negative at a content 
level of 10.10%. 

[181] Here, the process of relatively enhancing the purity of the negative by removing the 
positive from the negative solution containing 10.10% of the positive was performed. 
It was also confirmed that an error ratio was decreased from an initial ratio (i.e., 
10.10%) to 8.01% when examined under the assumption that the positive in the 
negative fraction is considered as an error. 

[182] Accordingly, it was confirmed that the positive contained in the negative solution as 
an error was decreased by about 20.7% and thus the purity of the negative was 
increased by about 2.3%. 

[183] In the case of the positive, cells reacting with the Seal antibody were tested under 
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the same conditions (i.e., exposure to the magnetic field of 0.5 T for 9 minutes). 
[184] Table 5 
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[185] As shown in Table 5, when the cell mixture(control) containing 2.09% of the 

positive are separated, it was confirmed that the content of the positive is 6.30% and 
the content of the negative is 2.51%. 

[186] Here, since the content of the specific cells is as low as 2.09%, the process of 
enhancing the purity of the positive was additionally performed. Thus, it was 
confirmed that the content of the positive was increased to 13.55% corresponding to 
about 1 15% increase as compared with the initial content. 

[187] The present invention is not limited to the aforementioned embodiments of the 

present invention. Various modifications and changes can be made thereto within the 
scope of the present invention defined in the appended claims. However, the changes 
and modifications should be construed as falling within the scope of the present 
invention. 

[188] Although it has been described in the embodiments of the present invention that the 
upper or lower plate is moved directly by the user to create the cell mixture layer, 
adjust the width of the created layer and separate the layer, a driving means such as a 
motor and a microprocessor for controlling the motor may be utilized to automatically 
operate the cell separation apparatus based on the predetermined algorithm instead of 
using the manual operation of the user. 
Industrial Applicability 

[189] According to the cell separation apparatus and method of the present invention, the 
necessary cells can be separated through the process of creating the cell mixture layer, 
adjusting the thickness of the layer and separate the layer by adjusting the vertical gap 
between the upper and lower plates of the cell separation chip which comprises the 
upper plate and the lower plate containing the cell mixture. Further, after the necessary 
cells have been separated, the homogenization process can be performed to ad- 
ditionally remove unnecessary cells. 



